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Term Definition 
Bedding Face The horizontal bottom or top face of the brick that rests 
upon a bed of mortar 
Brick ID A unique identifier for each brick.  The first two letters 
represent the brick type (HT-Hard Tan, SR-Soft Red). 
The remaining letters are the initials of the location, and 
the number at the end is the number within the subgroup. 
Company The company or brickmaker who made the brick. This is 
often identified through initials stamped on the brick 
itself. 
Edge Treatment The texture of the brick edge. This is dependent upon 
how the brick was molded or extruded. However, 
deterioration can cause the edge to change as well. 
Extruded Mechanized brick production that extrudes the plastic 
clay ribbon through a die and is cut with a wire. 
Finish The surface treatment of the brick. 
Mold Lubricant A material added to the mold to assist in removing a 
brick. 
Rough A rounded brick edge. This can be due to the mold itself, 
or from weathering. 
Sand Struck Bricks with visible sand grains embedded or grain 
imprints in the surface. 
Sharp A sharp brick edge. 
Sharp Pressed A sharp brick edge with a slight overhang of ceramic 
material. 
Strike Direction The direction the brick was cut. Vertical refers to header 
to header orientation, while horizontal refers to stretcher 
to stretcher orientation. 
Strike Instrument The material used to cut the brick. Usually wood. 
Glossary of Brick Terms 
vii 
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1.0 INTRODUCTION 
 
On the 29th instant the capacity of the above described BRICKS to resist fire was 
tested in the presence of Alderman Stewart and others. A wall was built with lime 
mortar, in the usual manner. In this wall the best quality of country and lake 
Bricks were inserted. The wall was fired with cord wood until it was pronounced 
red hot, and then suddenly cooled with water. The lake Brick gave way before the 
water was applied, and the country soon afterwards. The wall will remain 
precisely as it was when burned, for the inspection of the public, at the Agency 
aforesaid. 
  S.S. Henry, The Daily Crescent, Pg. 3, (1850s) 
 
  
 Like other older American cities, New Orleans’  well-established building 
tradition draws upon the local environment and the exploitation of immediate resources 
for its building materials. This is especially true for brickmaking in and around the city, 
which was reliant upon two principle areas of clay extraction: the banks of the 
Mississippi River and Lake Pontchartrain. Mississippi River brick clay has a deep red 
color, and the bricks made from this material tended to be soft and of poor quality. On the 
other hand, bricks made in the vicinity of Lake Pontchartrain tended to be stronger and 
uniform in shape and density. Both brick types were used in buildings extensively 
throughout southern Louisiana in the nineteenth century, although “soft reds” tended to 
occur more in earlier Antebellum buildings. Likewise, advances in brickmaking 
technology would have created further variation among brick types by the latter part of 
the nineteenth century. 
 These trends in local brick production are not extensively documented, and their 
differences in their physical characteristics and performance make predictions about their 
performance for conservators. Naturally, age and weathering stresses are the defining 
factors in evaluating conditions and performance of these materials. The variation in 
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composition and production between soft red and hard tan bricks calls for assessment of 
how brick composition relates to behavior. This thesis explores a methodology utilizing 
physical characterization and performance testing of soft red and hard tan brick types as a 
relatively easy means of vulnerability o environmental stressors such as moisture and 
salts. 
The impetus behind this project can be traced back to the author’s interest in 
applying the study of petrography within the context of preserving masonry materials. 
Unlike prominent brickmaking centers such as Philadelphia, New Orleans bricks and 
production methods have not been thoroughly documented in secondary source literature. 
Brickmakers were willing to gather different local raw materials to mold their bricks, 
reflecting both coastal and alluvial influences in New Orleans brick production.  
This project tests two groups of seven samples that constitute the two most 
common brick types in New Orleans during the entire nineteenth century: soft red and 
hard tan bricks. With guidance from local experts and conservators, various sites and 
buildings in and around the New Orleans area were chosen for their age and sample 
availability. Bricks used in this study were collected from the Academy of Sacred Heart, 
Hermann Grima House, Willow Grove Plantation House, Metairie Cemetery, Carrollton 
Cemetery, St. Louis Cemetery No. 1, a Creole Cottage on Ursulines Avenue, and a 
former 1830s cotton warehouse in New Orleans’ Central Business District. 
The methodology for predicting vulnerability of soft reds and hard tans essentially 
has two parts. The first part requires a detailed analysis of two groups of both brick types. 
This identifies specific mineralogical and fabric variation among the soft reds and hard 
tans. The second part uses physical tests to evaluate and compare each brick’s 
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performance and deterioration behavior. For this project, water absorption and 
desorption, salt content, capillary rise, and modulus of rupture were measured for two 
groups of fourteen samples to determine flexural strength and porosity. As this thesis will 
demonstrate, the results from this testing program will hopefully inform a provisional 
index of brick vulnerability for future conservators.  
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2.0 BACKGROUND 
 
2.1 LITERATURE REVIEW 
 
Preserving 19th c historic brick masonry can be a challenge for conservators and 
other heritage professionals given brick’s great variability in the period before production 
standardization and product uniformity. Through period documents, it is possible to 
determine the general geological context, brickwork locations, and kiln types for brick 
production in New Orleans. The 1896 United States Geological Survey Bulletin and the 
1984 Geological Map of Louisiana have been very helpful in determining clay types in 
the area, as well as the lakes, rivers, and streams that move sediment in and out of the 
New Orleans.12 Publications, such as The Daily Picayune and The Daily Crescent offer 
advertisements on advances in brick kiln technology and factory locations in the New 
Orleans area.34 Period articles and local histories of St. Tammany Parish also allude to 
brick production around Lake Pontchartrain.5 These, along with other primary source 
documents provide a contextual baseline for understanding what is already known about 
soft red and hard tan bricks. 
Secondary source literature on New Orleans brick and performance testing is 
extensive, yielding several useful case studies on this topic. Karl Gurke’s Bricks and 
Brickmaking approaches historic brick as an artifact, familiarizing readers with 
brickmaking practices that have long-since been abandoned. Gurke’s archaeological 
                                                          
1 Bulletin of the United States Geological Survey No. 143 (Washington D.C.: Washington Government 
Printing Office, 1896). 
2 Geologic Map of Louisiana [map] 1984. 1:500,000 (U.S. Geological Survey, 1984). 
3 L.E. Reynolds, “Parker’s Patent Brick Making Machine,” The Daily Picayune, 1870. 
4 “Hoeyville Brickworks, Quarter-mile Above Carrollton,” The Daily Crescent, 1849. 
5 Frederick S. Ellis, St. Tammany Parish. (Pelican Publishing Company, 1981). 
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approach also proves very useful when trying to interpret surface features, such as glazes 
and striking.6 Likewise, archaeologists and conservators alike have developed several 
different brick typologies in other contexts in previous research. One of the most 
extensive and successful attempts to create an applicable brick characterization reference 
is L.S. Harley’s A Typology of Brick with Numerical Coding of Brick Characteristics. 
Harley’s work on English brickmaking is a very thorough resource, outlining the history 
of bricking making, brick categorization based on physical characteristics, and relating 
such existing physical characteristics back to production and geological provenance. 
Harley’s numerical categories of finish, color, dimension, mold lubricant, etc. provide a 
useful reference standard when applied to identifying New Orleans bricks.7 
Patrick Sean Quinn’s Ceramic Petrography and W.A. Deer’s An Introduction to 
the Rock-Forming Minerals are excellent reference materials for conducting petrographic 
analyses.89Furthermore, the works of Fabrizio Antonelli, A.A El-Midany, and J.A. Larbi 
serve as case studies in using microscopy to understand brick composition and 
deterioration, although these are not New Orleans brick.101112 Nevertheless, the properties 
and methods utilized in their literature are a useful reference. 
                                                          
6 Karle Gurke, Bricks and Brickmaking: A Handbook for Historical Archaeology, (Moscow, Idaho: The 
University of Idaho Press, 1987), 1-326. 
7 L.S. Harley, “A Typology of Brick With Numerical Coding of Brick Characteristics,” Journal of the 
British Archaeological Association 37 (1974): 63-87. 
8 W.A. Deer et al., An Introduction to the Rock-Forming Minerals, London: The Mineralogical Society, 
(2013). 
9 Patrick Sean Quinn, Ceramic Petrography. (Oxford: Archaeopress, 2013). 
10 Fabrizio Antonelli et al., “Minero-petrographic Characterisation of Historic Bricks in the Arsenale, 
Venice,” Journal of Cultural Heritage, (2002) 59–64. 
11 A.A. El Midany and H.M. Mahmoud, “Mineralogical, Physical and Chemical Characteristics of Historic 
Brick-Made Structures,” Mineralogy and Petrology, (2015), 733-739. 
12 J.A. Larbi, “Microscopy Applied to the Diagnosis of the Deterioration of Brick Masonry.” Construction 
and Building Materials, (2004), 299–307. 
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   Historic brick masonry is most commonly damaged by physical processes such as 
efflorescence, freeze thaw cycles, and hygric dilation. Research has shown that severity 
of damage is a function of brick porosimetery which is directly related to production: 
mixing, moulding, and firing.13 Robert J. Flatt’s work on predicting salt damage discusses 
moisture infiltration and other ideas that can be replicated in a laboratory. However, 
Flatt’s article focuses primarily on the mechanics of salt growth in concrete and does not 
provide specific laboratory tests that can be replicated for bricks.14 Mojmir Uranjeka and 
Violeta Bokan-Bosiljkovc have successfully applied modulus of rupture testing and water 
absorption to historic bricks in their research on how freeze-thaw cyclings affects brick 
performance. Although relevant in scope to this study, the tests were only used to discern 
changes that were intentionally applied to bricks.15   Environment also plays a major role 
in composition and performance. One locale where these issues are prevalent is New 
Orleans, where brick-making technology has evolved over the past three centuries and is 
intimately tied to the region and available natural resources. The works of G.C. Matson 
and P. Grandone give concise descriptions of the clays and minerals that would have 
been included in the matrix or groundmass during the mixing process.1617New Orleans 
brick technology changed over time, where hand-made “soft reds” or “river brick” were 
gradually replaced by machine-made, mass-produced “hard tans.” I.B. Holley’s “The 
                                                          
13 Ana Andrés et al., “Physico-Chemical Characterisation of Bricks All through the Manufacture Process in 
Relation to Efflorescence Salts.” (Journal of the European Ceramic Society 29, no. 10 (n.d.), 1869–1877). 
14 Flatt et al., “Predicting Salt Damage in Practice: A Theoretical Insight into Laboratory Tests” RILEM 
Technical Letters 2 (2017): 108-117. 
15 Mojmir Uranjeka and Violeta Bokan-Bosiljkovc, “Influence of Freeze-Thaw Cycles on Mechanical 
Properties of Historical Brick Masonry,” Construction and Building Materials 84 (2015): 416-428. 
16 G. C. Matson, “Louisiana Clays: Including Results of Tests Made in the Laboratory of the Bureau of 
Standards at Pittsburgh,” (Washington, DC: US Gov. Print. Off, 1917). 
17 P. Grandone, “The Mineral Industry of Louisiana,” (Washington: (s.n.) 1962). 
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Mechanization of Brickmaking” and Michael Pulice’s “Machines for Making Bricks in 
America, 1800-1850” explain the technological changes that facilitated this shift in 
materials.1819At a more general, region-specific scale, Dianne Guenin-lelle’s The Story of 
French New Orleans: History of a Creole City and Nathan Dessens’ Creole City: A 
Chronicle of Early American New Orleans are excellent histories of the development of 
the New Orleans area during the Colonial Period.2021 
For consistent and accurate practices during the set of performance durability 
tests, this project references ASTM C67/C67M-18 Standard Test Methods for Sampling 
and Testing Brick and Structural Clay Tile for correct procedure during water absorption, 
and flexural strength tests.22  ASTM C1794 – 15 Standard Test Methods for 
Determination of the Water Absorption Coefficient by Partial Immersion was used as a 
reference for informing capillary rise testing.23 
 The primary sources, scientific literature and precedents related to brick 
technology and deterioration mechanisms have proven to be an indispensable guide in 
determining the scope of this project, while also prompting the author to ask new 
questions and pursue further research. While histories of nineteenth-century brickmaking 
do exist, New Orleans/Southern Louisiana primary source documentation is scarce. In 
                                                          
18 I.B. Holley, “The Mechanization of Brickmaking,” (Technology and Culture 50 2009), 82-102. 
19 Michael Pulice, “Machines for Making Bricks in America, 1800-1850.” (The Chronicle of the Early 
American Industries Association, Inc., 59 2006), 53-58. 
20 Dianne Guenin-lelle, The Story of French New Orleans: History of a Creole City, (Jackson, Mississippi: 
University of Mississippi Press, 2016). 
21 Nathan Dessens, Creole City: A Chronicle of Early American New Orleans, (Gainesville, Florida: 
University Press of Florida, 2015). 
22 ASTM International, ASTM C67/C67M-18 Standard Test Methods for Sampling and Testing Brick and 
Structural Clay Tile. (West Conshohocken, PA; ASTM International, 2018).  
23 ASTM International, ASTM C1794 – 15 Standard Test Methods for Determination of the Water 
Absorption Coefficient by Partial Immersion. (West Conshohocken, PA; ASTM International, 2015). 
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addition, there is abundant scientific literature on weathering and mechanical tests for 
bricks and other forms of masonry, although this testing program synthesizes historical 
documentation and microscopy to hopefully create a more accurate predictive guide.  
2.2 BRICKMAKING PROCESS 
Until the Civil War, brickmaking was a relatively simple process in New Orleans 
and elsewhere. Mechanization in the latter third of the nineteenth century would increase 
brick production and quality, spawning the invention of new machines that streamlined 
every step of the process by 1900. All brick production regardless begins with “winning” 
or mining the raw clay. During the nineteenth century, winning involved digging open 
pits near rivers or other areas of clay-rich soil. These pits would gradually expand in 
depth and breadth, leading to the creation of open-pit mines. In the western states and in 
places where the water table was low, underground mines were dug to extract raw clay. 
Dredging was also used near rivers. Depending on the location of the kilns, it is 
reasonable to assume that open-pit mining and possibly dredging were performed in the 
New Orleans area in the nineteenth century.24  
Clay was rarely extracted by itself, usually taking the form of impure “brick 
earth.” The material was piled outside and left to dry and “season” during the winter, 
allowing rain to wash out any impurities. Afterward, the clay was shoveled into a 
tempering pit to be mixed with water. Eventually, this method was replaced by the 
introduction of the pug mill. The pug mill was a large container that mixed clay and 
water together with a series of rotating blades that pushed the clay out through an 
opening. These machines were likely made of wood and powered by hand. Additives 
                                                          
24 Gurke, Brickmaking, 3-6. 
9 
 
would be added to the pug mill, including sand, chalk, and ash. Occasionally, grog would 
be added to the mixture for added strength, and was essentially crushed ceramic. All of 
these materials were and still are added during the material preparation stage of the 
manufacturing process.25 
The next step in the brickmaking process was to mold the brick into a desired 
shape. For most of the nineteenth century, “soft-mud” was the preferred method of 
molding. First, the water content of the clay mix was increased to 30%. The team of 
molders, known as the “stool,” lubricated either a wooden or metal square mold. For 
sand-molded bricks, the mold would be dipped in water and sand would be applied to the 
sides and bottom. Water itself was often also used as a lubricant, and linseed oil could be 
applied to the insides of the mold with a rag. The molder would then take a large piece of 
clay, known as a waulk, and slam it into the mold. The mold sometimes would include a 
protrusion, creating a depression in the brick. This depression is commonly known as a 
frog and is intended to aid in application of mortar.26  The final step in the molding 
process was to remove any excess clay from the surface, a process known as “striking.” 
The striking instrument was usually a wooden bat, although it could also be made from 
metal.27 By the early twentieth century, “soft-mud machines” and “stiff-mud machines” 
began to mechanize the hand-molding process. The former included a large plunging 
device that pressed the clay into the mold, a striking plate, and “a hammer device to break 
the adhesion between the green brick and the inside of the mold.” The stiff-mud machine 
                                                          
25 Gurke, Brickmaking 6-12. 
26 Harley, “Typology,” 77. 
27 Harley, “Typology,” 65. 
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utilized a similar process of making bricks, although only “12% to 15%” water was 
added to the clay mass.” These bricks were extruded through a die and cut with a wire.28  
Molding the brick could also entail adding additional surface features or texture to 
the brick. According to L.S. Harley, common face-walled bricks could be sand-struck, 
grooved, ribbed, or rustic; the latter term referring to a brick that has been scraped with a 
wire.29Before firing, brickmakers needed to dry their bricks to reach an appropriate 
moisture content without destroying the bricks. Green bricks were arranged on pallets or 
stacked in a wall known as a “hack.”  
Before the turn of the twentieth century, brickmakers would leave the green 
bricks outside to dry. However, the introduction of the tunnel dryer made this process 
more efficient through flue-driven heat.30 After the bricks are taken to the kiln, the 
brickmaker would slowly raise the temperature to 1,800 ° F to evaporate any remaining 
water in the bricks’ microstructure. Afterward, the temperature was increased to 
approximately 2,000° F so the bricks could vitrify. During this process, the clay hardens, 
shrinks, and becomes stronger as the individual grains melt and fuse together. To prevent 
brittleness, the bricks would then have to be cooled over a period of two to three days. 
Kilns themselves could be divided into two types: up draft and down draft. Updraft kilns 
included “clamps” and “scove” kilns, which were built using multiple courses of green 
bricks. Hot air rose naturally through the chamber and would escape through the top. 
Down-draft and continuous kilns re-circulated air through flues and a domed roof, with 
air escaping through the floor. The latter kiln type proved to be the most efficient, and 
                                                          
28 Gurke, Brickmaking, 13-21. 
29 Harley, “Typology,” 79. 
30 Gurke, Brickmaking, 24-26. 
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included multiple chambers for simultaneously loading, heating, firing, and cooling 
bricks.31 Freidrich Hoffman invented the continuous kiln in 1858, although it probably 
didn’t arrive in New Orleans until much later.32  
Throughout the nineteenth century, a variety of machines were invented to aid in 
the brickmaking process in hopes of reach both higher output and better and consistent 
quality. For the first half of the nineteenth century, technological advances were largely 
limited to developing presses that could pour, press, and strike soft mud bricks. In 1819, a 
new brickmaking machine near Washington D.C. was reported to have been able to pour 
and press clay through a hopper and into an eight-compartment revolving mold. A series 
of two pistons would then compress the clay and free the brick from the mold. Between 
1822 and 1825, B. Rolfe and M. Twitchel, two brickmakers from Deering, New 
Hampshire and Gray Missouri were reported to been issued the first patents for dry press 
brickmaking machines in the United States. Several different variations of the dry press 
method spread all over the United States, reaching “Mississippi and Florida by the 
1850s.”33 Luther Brown and Richard VerValen are credited with inventing more reliable 
pug mill designs in the 1850s, incorporating rotating knives that pushed the clay to the 
bottom of the chamber. Stiff-mud bricks became more common after 1865, when Cyrus 
Chambers, Jr. patented a horizontal pug mill that had extruded clay through a die. 
Remarkably, the machine had a cutter that cut at the same speed as the clay leaving the 
die.34  
                                                          
31 Gurke, Brickmaking, 28-29. 
32 Harley, “Typology,” 77. 
33 Gurke, Brickmaking, 87. 
34 Gurke, Brickmaking, 90-91. 
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Naturally, the variability of brick production over a period of one-hundred years 
leaves a wide range of surface characteristics that are dependent upon available 
technology, use, available materials, and personal preference. In this way, a brick 
characterization methodology should include eight distinct characteristics: color, texture, 
mold lubricant, striking instrument, strike direction, molding type, dimension, and 
weight. Two production characteristics explain color variation: chemical composition and 
firing temperature. Clays with a higher iron content tend to be redder than those bricks 
from other geological contexts. Additionally, clays with a higher magnesia content can 
produce yellowish and tan hues. However, lower firing temperatures can potentially 
retain the clay’s original unfired color. Oxidation and reduction firing techniques can also 
have a variable impact on the final color of clays, with higher oxygen levels within the 
kiln producing deeper and vibrant colors.35 Texture is perhaps the most variable 
characteristic of the brickmaking process, producing visible surface features on the fire 
skin and groundmass that are a direct result of production. Bricks that were struck across 
the surface with a wooden striking instrument leave grooves, whereas metal-struck bricks 
tend to leave gouges. Soft-molded bricks that are lubricated with sand have a gritty 
texture, whereas water may leave “small ripples” on the bottom of the brick. In contrast, 
oil will leave a smooth surface.36 Since stiff-mud bricks are extruded through a die, their 
texture is usually more uniform and includes rounded corners. However, wire cut dry-
mud bricks are generally smoother than soft and stiff-mud bricks, having sharp corners 
because of the exposure to extreme pressure.37 Like the strike itself, strike direction can 
                                                          
35 Gurke, Brickmaking, 125-126. 
36 Gurke, Brickmaking, 103-106. 
37 Gurke, Brickmaking, 111. 
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vary depending on the brickmaker’s preference; leaving “striations” that can run in a 
vertical, horizontal, or circular direction.38 
Weight and dimension are also dependent upon molding type and the level of 
sophisticated technology. Soft-molded bricks will be less dense if they’re hand-molded, 
but dimension could be relatively uniform if the bricks come as a series from the same 
mold. Generally, stiff-mud and dry-mud bricks will be denser than soft-mud bricks due to 
extrusion. The eight characteristics discussed in this section reflect visible variations in 
brick production over the course of the nineteenth century, likewise being applied to the 
fourteen soft red and hard tan bricks used in this study.  
2.3 HISTORY OF NEW ORLEANS BRICKMAKING 
New Orleans was founded by French colonist Jean-Baptiste Le Moyne de 
Bienville in 1718. Brickmaking was slow to begin in the new colony, and various 
colonist’s accounts refer to the earliest architecture as “a company store of sheds placed 
haphazardly.”39 However, by 1730, a city clerk named Marc-Antoine Caillot reported that 
many buildings and streets were rapidly being constructed within the new city, and that 
the local parish church was “bricked inside.”40 It is unclear whether or not these earliest 
bricks were imported or locally produced. A similar study on colonial brick production in 
Pensacola concludes that the lack of population and industry would have necessitated 
imported bricks during the eighteenth century.41 If the bricks were locally produced, they 
would more than likely have been extracted from pit mines and soft-molded not far from 
                                                          
38 Gurke, Brickmaking, 108. 
39 Guenin-Lelle, French New Orleans, 32. 
40 Guenin-Lelle, French New Orleans, 43. 
41 William Lazarus, “A Study of Dated Bricks in the Vicinity of Pensacola, Fla.” The Florida 
Anthropologist. 8 (1965): 69-84. 
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the city. Given that New Orleans is in close proximity to both the Mississippi River and 
Lake Pontchartrain, both hard tans and soft red bricks could have been produced in and 
around the city. If brick production in New Orleans alternatively began during the 
subsequent Spanish period in the late-eighteenth century, they would have had larger 
dimensional size relative to their French and English counterparts. Excavations of 1780s 
Spanish brick at nearby Fort San Carlos De Barancas in nearby Pensacola reveals brick 
lengths of eleven inches, nearly four inches longer than contemporaneous British brick.  
The absence of locally-made bricks in eighteenth-century New Orleans is further 
substantiated for two key reasons. First, in response to the widespread destruction of the 
1788 and 1794 New Orleans fires, leading to the passage of building codes “to make 
them [buildings] more fire resistant, that they should be made of brick and have tile 
roofs.”42 Brick would then become a more common building material due to increased 
economic productivity, population growth, and as a safety precaution. Secondly, St. 
Tammany Parish, one of the largest centers of brick production for the areas around New 
Orleans in the nineteenth century, did not record any brickyards until after 1820.43 St. 
Tammany Parish is located on north shore of Lake Pontchartrain, and would have been 
an ideal location for producing hard tan bricks. In Frederick S. Ellis’s St. Tammany 
Parish, Ellis states: 
The brickyard operators of 1850 were Terence Cousin, Terrence Carriere, John 
Gusman, D. R. Morgan, W. Hutchinson, J.W. Goss, Anatole Cousin, Armand 
Marigny, I. Morgan, J. B. Baham, and Jules Le Blanc. It has been said that much 
of New Orleans was built with St. Tammany brick. Considering the number of 
                                                          
42 Lazarus, Pensacola, 116 
43 Frederick S. Ellis, St. Tammany Parish. Pelican Publishing Company, (1981): 87-98. 
15 
 
brickyards in the parish, and the fact that New Orleans was the only nearby major 
market, there is probably more truth than fiction in the statement.44 
 
It is more than likely that the bricks made prior to the 1850s were hand molded 
and wood struck. However, the advent of new brickmaking technology would produce 
bricks with a variety of characteristics. Newspapers, such as the Daily Crescent describe 
how local brickyards in New Orleans were beginning to adopt new inventions, such as 
“Hall’s Brickmaking Machine” to produce bricks. Contemporary illustrations seem to 
suggest that Hall’s Brickmaking Machine consited of a pug mill that fed directly into a 
soft-mud molder (See Figure 1). Additionally, contemporaneous newspaper reports note 
the need for fire bricks in new construction. One writer noted in 1850  how the 
destruction from a fire on Camp Street prompted the need to replace “infererior and 
porous” bricks with fire bricks.45 It is also during this time that newspapers begin to 
specifically refer to lake brick as being a specific type. Another 1850 writer for The Daily 
Crescent notes how the Biloxi Steam Brick Works tested “the best quality of country and 
lake bricks inserted.46 
 
 
                                                          
44 Ellis, St. Tammany, 108. 
45 “Good Masonry Standards in Light of Recent Conflagration on Camp St.” The Daily Crescent, 1850. 
46 “Biloxi Fire Brick.” The Daily Crescent, 1850. 
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By the Civil War, it appears that New Orleans brickmakers were beginning to 
focus on the quality and strength of their bricks in addition to their output. Locally-made 
bricks were becoming more mass-produced and made with machines. However, this 
period is also characterized by a decline in smaller brickyards. In St. Tammany Parish, 
the number of brickyards had decreased from 15 to eight between 1850 and 1860. This 
trend would be reversed by Reconstruction and access to new railroad lines through St. 
Tammany Parish in the 1880s. During this time, nine brickyards were identified within 
St. Tammany Parish, including the Salmen Brick and Lumber Co. and St. Joe Brickyard. 
The turn of the twentieth century can be viewed as the period when New Orleans brick 
production reached industrial maturity, modeling itself on a smaller scale to northern 
cities like Philadelphia. Large brickyards, such as the Southern Brick and Tile 
Manufacturing Company, were producing “350,000 to 400,000 bricks at a time.” In 
Fig. 1. 1850s illustration of Hall’s Brickmaking Machine. Printed in the 
Monthly Journal of Agriculture. [c1850s]. 
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addition, many brickyards had diversified their businesses to include fire bricks, terra-
cotta, and tiles (See Fig. 2).47 While not directly recorded, it can be assumed that such 
output was supplemented using stiff-mud brick machines and represses. As the cohorts of 
14 bricks for this project will indicate, the bricks for this project display evidence of a 
variety of production methods. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                          
47 Ellis, St. Tammany, 131-177 
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3.0 PHYSICAL CHARACTERIZATION 
3.1 MATERIALS AND METHODOLOGY 
Before brick performance can be evaluated through testing, it is important to 
understand the inherent characteristics of each brick sample. Not only does this 
distinguish each brick within its cohort, but it also provides a baseline for understanding 
production methods, deterioration history, and predicting future weathering behavior. In a  
 
 
way, physical characterization predicts what could be the index of vulnerability for soft 
reds and hard tans, while subsequent performance testing either proves, disproves, or 
complicates the initial hypothesis. 
Fig. 2. A 1908 journal advertisement for brick and tile in 
Covington. Printed in the St. Tammany Farmer. [c 1908]. 
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Likewise, a macro and micro-characterization approach is needed to successfully 
identify soft reds and hard tans. The macro-approach involves using the naked eye to 
observe different features on the surface of the brick, such as production method, size, 
and condition. The micro-characterization includes the use of petrographic methods to 
analyze composition and the microstructure. The latter is crucial because of vulnerability 
that cannot be seen with the naked eye.  
Macro-characterization begins with creating a list of features that can be 
identified within each sample. This list maintains consistency among each brick, ensuring 
that the characterization procedure gathers the most information about each sample.  The 
criteria for macro-characterization includes the following: brick I.D., type, company, age, 
origin, shape, dimensions, edge treatment, strike direction, strike instrument, mold 
lubricant, strike location, weight, manufacturing, manufacturing detail, composition, 
finish, function, and damage. To identify the bricks in an efficient way, a unique brick 
I.D. was created for each sample. The first set of two letters in the I.D. indicate the type 
of clay, so “SR” and “HT” indicate soft red and hard tan bricks respectively. The middle 
two letters are the initials of the building or location where the brick was found. Lastly, 
the number at the end of the I.D. indicates which brick came from that location. In other 
words, a “3” at the end of the sample indicates that that is the third brick out of a sub-
group that came from one location. 
3.2 MACRO-CHARACTERIZATION 
SRHGH1 is a soft red brick that came from the Hermann-Grimma house in the 
French Quarter of New Orleans. From initial observation, the red color seems to indicate 
that the clay came from the Mississippi River. The brick does not have a brickmaker’s 
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stamp, although the age of the house dates the brick to the 1830s.  This sample is a 
regular brick, has sharp edges, and is struck from header to header across the bedding 
face. The strike marks on the brick indicate that it was struck with a wooden striker, 
which is consistent with the period. The lack of sand in the surface indicates that water 
was used as a molding lubricant. Given these characteristics, the brick appears to have 
been hand-made using the soft mud method.  
SRGS1 is an 1845 soft red brick that came from 614 Gravier Street in the Central 
Business District of New Orleans. Not much is known about this property, although it 
was originally built as a cotton warehouse in 1845. From initial observation, the red color 
seems to indicate that the clay came from the Mississippi River. The brick is stamped 
“BARRE. F,” although documentary research failed to find more about this brickmaker. 
This sample is a fire brick, has sharp edges, and is struck from header to header across 
the bedding face. The strike marks on the brick indicate that it was cut with a wire. The 
lack of sand in the surface indicates that oil was used as a molding lubricant. Given these 
characteristics, the brick appears to have been produced by extrusion through a type of 
soft mud machine. However, it is relatively heavier than other bricks in the soft red group 
and may have been repressed. SRGS1 is also cracked and deformed.  
SRWG3 is a soft red brick that came from the Willow Grove Plantation in Baton 
Rouge. From initial observation, the red color seems to indicate that the clay came from 
the Mississippi River. The brick does not have a brickmaker’s stamp, although it is likely 
that the brick dates to the 1820s. This sample is a regular brick, has rough edges, and is 
struck from stretcher to stretcher across the bedding face. The strike marks on the brick 
indicate that it was struck with a wooden striker, which is consistent with the period. The 
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lack of sand in the surface indicates that water was used as a molding lubricant. Given 
these characteristics, the brick appears to have been hand-moulded using the soft mud 
method. 
SRMC1 is an 1881 soft red brick that came from Metairie Cemetery in New 
Orleans. From initial observation, the red color seems to indicate that the clay came from 
the Mississippi River. The brick does not have a brickmaker’s stamp, although it came 
out of the roof of Pelican Mutual Benevolent Society Tomb. This sample is a regular 
brick and is struck across the bedding face. It is unclear which direction the brickmaker 
struck the brick, but it was done with a wire. This brick appears to have been extruded, 
and the lack of sand in the surface indicates that oil was used as a molding lubricant. 
Given these characteristics, the brick appears to have been produced by extrusion using 
the stiff-mud machine and repressed. 
SRASH2 is a soft red brick that came from the Academy of the Sacred Heart in 
Grand Coteau. From initial observation, the red color seems to indicate that the clay came 
from the Mississippi River. The brick was recovered from a brick stable on the property 
that was built in 1854.  The brick does not have a brickmaker’s stamp, although it is 
likely that the brick is the same age as the stable.  This sample is a regular in shape brick, 
has sharp-pressed edges, and is struck from header to header across the bedding face. The 
strike marks on the brick indicate that it was struck with a metal striker, which is 
consistent with the period. The presence of sand in the surface indicates that sand was 
used as a molding lubricant. Given these characteristics, the brick appears to have been 
made through extrusion using a stiff-mud machine.  
22 
 
SRCC1 is a soft red brick that came from Carrollton Cemetery in New Orleans. 
From initial observation, the red color seems to indicate that the clay came from the 
Mississippi River. The brick does not have a brickmaker’s stamp, and the age is 
unknown. This sample is a fire brick, has sharp-pressed edges, and is struck from header 
to header across the bedding face. The strike marks on the brick indicate that it was 
struck with a wire. The lack of sand in the surface indicates that oil was used as a 
molding lubricant. Given these characteristics, the brick appears to have been extruded 
through a stiff-mud machine. 
SRWG2 is a soft red brick that came from the Willow Grove Plantation in Baton 
Rouge. From initial observation, the red color seems to indicate that the clay came from 
the Mississippi River. The brick does not have a brickmaker’s stamp, although it is likely 
that the brick dates to the 1820s. This sample is a regular brick, has rounded edges, and is 
struck from header to header across the bedding face. The strike marks on the brick 
indicate that it was struck with a wooden striker, which is consistent with the period. The 
lack of sand in the surface indicates that water was used as a molding lubricant. Given 
these characteristics, the brick appears to have been hand-moulded using the soft-mud 
method. 
HTUS3 is a hard-tan brick that came from a creole cottage on Ursulines Ave. in 
New Orleans. From initial observation, the tan color seems to indicate that the clay came 
from Lake Pontchartrain. The sample also has iron spots on the surface. The brick does 
not have a brickmaker’s stamp, although it is likely that the brick dates to the 1830s. This 
sample is regular in shape, has sharp edges, and is struck from header to header across the 
bedding face. The strike marks on the brick indicate that it was struck with a metal 
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striking instrument, which is consistent with the period. The presence of sand in the 
surface indicates that sand was used as a molding lubricant. Given these characteristics, 
the brick appears to have been hand-made using the soft-mud method. 
HTGS3 is a hard-tan brick that came from a 1910s addition to 614 Gravier Street 
in the Central Business District of New Orleans. From initial observation, the tan color 
seems to indicate that the clay came from Lake Pontchartrain. The sample also has iron 
spots on the surface. The brick does not have a brickmaker’s stamp, although it is likely 
that the brick dates to the 1830s. This sample is regular in shape, has sharp edges, and is 
struck from header to header across the bedding face. The strike marks on the brick 
indicate that it was struck with a wire, which is consistent with the period. The lack of 
sand in the surface indicates that oil was used as a molding lubricant. Given these 
characteristics, the brick appears to have been hand-made using the stiff mud method. 
HTUS2 is a hard-tan brick that came from a creole cottage on Ursulines Ave. in 
New Orleans. From initial observation, the tan color seems to indicate that the clay came 
from Lake Pontchartrain. The sample also has iron spots on the surface. The brick does 
not have a brickmaker’s stamp, although it is likely that the brick dates to the 1830s. This 
sample is regular in shape and has sharp edges, although the striking direction is unclear. 
The strike marks on the brick indicate that it was struck with a wood striker, which is 
consistent with the period. The presence of sand in the surface indicates that it was used 
as a molding lubricant. Given these characteristics, the brick appears to have been hand-
moulded using a soft-mud machine. 
HTGS1 is a hard-tan brick that came from a 1910s addition to 614 Gravier Street 
in the Central Business District of New Orleans. From initial observation, the tan color 
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seems to indicate that the clay came from Lake Pontchartrain. The sample also has iron 
spots on the surface. The brick does not have a brickmaker’s stamp, although it is likely 
that the brick dates to the 1910s. This sample is regular in shape, has sharp-pressed edges, 
and is struck from header to header across the bedding face. The strike marks on the brick 
indicate that it was struck with a metal striker, which is consistent with the period. The 
lack of sand in the surface indicates that water was used as a molding lubricant. Given 
these characteristics, the brick appears to have been produced through extrusion using the 
stiff mud method. 
HTUS1 is a hard-tan brick that came from a creole cottage on Ursulines Ave. in 
New Orleans. From initial observation, the tan color seems to indicate that the clay came 
from Lake Pontchartrain. The sample also has iron spots on the surface that possibly 
could have been added in the mix during production. The brick does not have a 
brickmaker’s stamp, although it is likely that the brick dates to the 1830s. This sample is 
regular in shape and has sharp edges, although the striking direction is unclear. The strike 
marks on the brick indicate that it was struck with a metal striker, which is consistent 
with the period. The presence of sand in the surface indicates that sand was used as a 
molding lubricant. Given these characteristics, the brick appears to have been moulded 
using a soft-mud machine. 
HTSL1 is a hard-tan brick that came from St. Louis No. 1 Cemetery in New 
Orleans. From initial observation, the tan color seems to indicate that the clay came from 
Lake Pontchartrain. The sample also has iron spots on the surface. The brick does not 
have a brickmaker’s stamp, and the date is unknown. This sample is regular in shape, has 
sharp-pressed edges, and is struck from header to header across the bedding face. The 
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strike marks on the brick indicate that it was struck with a metal striker, which is 
consistent with the period. The lack of sand in the surface indicates that water was used 
as a molding lubricant. Given these characteristics, the brick appears to have been 
moulded using a soft-mud machine. 
HTSL2 is a hard-tan brick that came from St. Louis No. 1 Cemetery in New 
Orleans. From initial observation, the tan color seems to indicate that the clay came from 
Lake Pontchartrain. The sample also has iron spots on the surface. The brick does not 
have a brickmaker’s stamp, and the date is unknown. This sample is a regular brick, has 
sharp edges, and is struck from header to header across the bedding face. The strike 
marks on the brick indicate that it was struck with a wooden striker, which is consistent 
with the period. The lack of sand in the surface indicates that water was used as a 
molding lubricant. Given these characteristics, the brick appears to have been made using 
the stiff-mud method and subsequently repressed. 
3.3 MICRO-CHARACTERIZATION 
Despite the benefits of observing and describing the physical attributes of brick as 
a means of identifying their production methods and the implications of those processes 
to their physical performance, a full petrographic analysis of the brick samples provides 
complementary information on their microstructures and minerology that can be used to 
provide a more nuanced understanding of their provenience (where made), composition, 
firing conditions and temperature, and deterioration. 
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Fig. 3. Detail of New Orleans area from a 1984 Geologic Map of 
Louisiana (Courtesy of U.S. Geological Survey). Qal denotes alluvium 
in lighter tan, while Qnl denotes Natural Levees in gray. 
 
Fig. 4. Detail of St. Tammany Parish area from a 1984 Geologic Map of 
Louisiana (Courtesy of U.S. Geological Survey). Qtp denotes prairie 
terraces in yellow, while Qth denotes high terraces in orange. 
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  Fig. 5. Detail of Baton Rouge area from a 1984 Geologic Map of 
Louisiana (Courtesy of U.S. Geological Survey). Qti denotes 
Intermediate Terraces in lighter orange. 
 
Fig. 6. Detail of Grand Coteau area from a 1984 Geologic Map of 
Louisiana (Courtesy of U.S. Geological Survey). Note the transition 
from Alluvium to Prairie Terraces. 
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Although most of the New Orleans bricks originated in nearby St. Tammany 
Parish, some bricks originated from outlying areas. Broadly speaking, soft red and hard 
tan clays display enough differences to warrant two separate groups, although this does 
not consider any regional geological variations in Grand Coteau and Baton Rouge. In Fig. 
3, the light tan and gray colors indicate the geology in and immediately around New 
Orleans is characterized by “alluvium” and “natural levees.” These formations tend to be 
full of “gray to brownish gray clay and silty clay,” with some areas of “gray and brown 
silt.”48 These two formations also run along the Mississippi River for several miles and 
are probably the source for the soft red clay. As one moves north toward St. Tammany 
Parish, the geology shifts to “prairie terraces” and “highland terraces.” This can be seen 
by the yellow and orange colors in Fig. 4, and is characterized by “tan to orange clay, silt 
and sand with basal gravel.”49 These terrace formations also extend west toward Baton 
Rouge and Grand Coteau, as shown in Figs. 5 and 6. The light orange color in the East 
Baton Rouge indicates “Intermediate Terraces,” and indicates “light gray to orange-
brown clay, sandy clay and silt.”50 These variations in geology reflect changes in 
elevation as one moves away from the flood plain of the Mississippi River. While the 
Louisiana geological formations do not directly correlate to dramatic physical changes 
among clays, they may explain some variation in mineralogical content among the 
samples.  
After reviewing local geology, small samples were cut from each brick to be 
turned into unpolished thin sections. To maintain consistency, these smaller samples were 
                                                          
48 “Geologic Map of Louisiana, 1984.” 
49 Ibid. 
50 Ibid. 
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cut from the corner of each brick. Thin sections were then made to slice through the 
middle of each corner, ensuring that the groundmass, fire skin, or glazes were all saved 
together. The samples were then examined using polarized light microscopy. The 
methodology for characterizing ceramic thin sections for soft reds and hard tans is based 
upon the work of I.K. Whitbread, utilizing a system that records different ratios of 
features, voids, and inclusions.51 Using the data from thin-section characterization, this 
study produced a series of six groups of the fourteen samples that had similar properties.  
The first group consists of soft-red bricks that originated from 614 Gravier Street 
and Willow Grove Plantation (SRWG3 and SRGS1). The groundmasses are composed of 
3% voids, and the color of the ceramic body ranges from light-brown in plane-polarized 
light to dark red in cross-polarized light.  They are composed of mostly fine-fraction 
subangular quartz grains, with trace amounts of chert, and plagioclase feldspar. The 
groundmass is optically inactive. The composition of this group seems to indicate that 
some of the minerals originated from sedimentary rocks, and silty alluvium is very 
common around the floodplain for many miles. The bricks in this group were tempered 
with small quartz grains, and the voids and inclusions run in a preferred orientation. The 
absence of a wide variety of felsic and mafic minerals, along with a large quantity of 
quartz grains, suggests that this group reached higher firing temperatures relative to other 
soft reds in other groups. The presence of post-depositional calcium carbonate in open 
pores suggests post-firing crystallization, although it is only present in SRWG3. 
                                                          
51 I.K Whitbread, “The Characterisation of Argillaceous Inclusions in Ceramic Thin Section,” 
Archaeometry, 28, no.1 (1986): 79-88. 
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The second petrofabric is characterized by a single soft-red brick that originated 
from the Academy of Sacred Heart (SRASH2). Voids are very few within the 
groundmass. The color of the ceramic body is light-brown in plane-polarized light and 
dark red in cross-polarized light. The groundmass in this sample is noticeably 
heterogenous, with large patches being a lighter orange color in cross-polarized light. 
Post-depositional, optically active clay is also present. Inclusions are tightly packed 
together in this sample, although they have no preferred orientation. They are composed 
of mostly fine-fraction subangular quartz grains, with trace amounts of microcline, 
muscovite, amphibole, chert, and plagioclase feldspar. The groundmass is optically 
inactive. The composition of this group seems to indicate that some of the minerals 
originated from sedimentary rocks around Grand Coteau, and silty alluvium is very 
common around the floodplain for many miles. The bricks in this group were tempered 
with small quartz grains, and the voids and inclusions have no orientation. The 
heterogenous groundmass and wide variety of minerals strongly suggests that this is a 
low-fired, hand-moulded brick.  
The third group of thin sections consists of three soft reds (SRMC1, SRWG2, 
SRHGH1). The samples in this group are characterized by three soft-red bricks that 
originated from Metairie Cemetery, Willow Grove Plantation, and the Hermann Grima 
House. Voids range from rare to few within the groundmass, and the color of the ceramic 
body is light-brown in plane-polarized light and dark red in cross-polarized light. The 
groundmass is homogenous. Like Group 2, this group consists of mostly fine-fraction 
subangular quartz grains, with trace amounts of fine-fraction plagioclase feldspar, 
muscovite, microcline, amphiboles, and chert. However, the inclusions and voids in these 
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samples run in a preferred orientation, and the groundmass is entirely inactive. 
Additionally, there is a wide variety of coarse fraction minerals, including subangular 
biotite, muscovite, quartz, and plagioclase feldspar. The composition of this group seems 
to indicate that some of the minerals originated from sedimentary rocks around New 
Orleans and Baton Rouge. The presence of organic plant material inclusions and micritic 
limestone indicates that these bricks were made using local materials and were low-fired 
relative to other samples.  The feldspars and quartz likely originated from the same 
provenance, and silty alluvium is very common around the floodplain for many miles. 
The homogenous groundmasses and the preferred orientation of inclusions and voids 
show that the bricks were extruded, or possibly how the brickmaker pressed the bricks 
into the molds. 
The fourth group consists of three hard tan samples (HTUS1, HTUS2, HTUS3). 
The samples in this group are characterized by hard-tan bricks that originated from a 
creole cottage on Ursulines Ave. There are very few voids within the groundmass. The 
color of the ceramic body appears gray in plane-polarized light and dark brown and black 
in cross-polarized light. They are mostly composed of coarse-fraction subangular quartz 
grains with melted, indistinct grain boundaries. These quartz grains are cracked and show 
evidence of deformation. The groundmass is comprised of an amorphous silica melt with 
some patches of brown clay. This silica melt is isotropic because the silica is amorphous. 
The groundmass for these samples is highly pleochroic. The sparse compositional variety 
of this group seems to indicate that these bricks were fired at very high temperatures. The 
bricks in this group were tempered with a large amount of coarse-fraction quartz grains 
which may have been intended to reduce shrinkage, or increase strength during firing. 
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There are very few voids in this group, although the ones that are present are extremely 
large chambers. This can be attributed to trapped air trying to escape during higher firing 
temperatures rather than poor production methods. In areas where the clay did not fully 
vitrify, the color appears dark brown in xpl. 
The sample in the fifth group is characterized by a hard-tan brick that originated 
from 614 Gravier St. (HTGS1). There are few voids within the groundmass, and the color 
of the ceramic body is gray in plane-polarized light and dark brown and black in cross-
polarized light. This sample is mostly composed of commonly-occurring, fine-fraction 
subangular quartz grains with melted, indistinct grain boundaries. Some post-firing 
calcium carbonate is also present within the groundmass. The groundmass is comprised 
of an amorphous silica melt, characterized by glassy areas around melted grains. This 
silica melt is only observable in cross-polarized light and is otherwise clear in plane-
polarized light. The groundmass for these samples is highly pleochroic. TCFs occur in 
this group as rounded iron inclusions and are rare. The groundmass is optically inactive. 
These bricks were fired at very high temperatures. Unlike Group 4, the bricks in this 
group were tempered with smaller, fine-fraction quartz grains with a single-spaced 
distribution. The iron inclusions in this sample could have been intentionally added to 
strengthen the brick and reduce shrinkage. There are few voids in this group, although 
they occur as megachambers. Inclusions in this group are moderately well-sorted and 
indicate a well-mixed clay body. The presence of post-firing calcium carbonate growing 
in open pores suggests a subterranean or aqueous provenance. In areas where the clay did 
not fully vitrify, the color appears dark brown in xpl. 
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The samples in the last group are characterized by three hard tans and one soft red 
that originated from 614 Gravier St., St. Louis Cemetery No. 1, and Carrollton Cemetery 
(HTSL1, SRCC1, HTSL2, HTGS3). There are few voids within the groundmass. The 
color of the ceramic body is gray in plane-polarized light and dark brown and black in 
cross-polarized light. These samples are composed of few fine and coarse fraction 
subangular quartz grains with melted, indistinct grain boundaries. All the samples in this 
group have no preferred grain orientation, except for HTGS3. The groundmass is 
comprised of an amorphous silica melt that is isotropic, and optically inactive. Unlike 
Groups 4 and 5, the bricks in this group were tempered with almost equal amounts of 
fine-fraction and coarse-fraction quartz grains with a single-open spaced distribution. 
Additionally, this group appears to be fired with the highest temperatures due to the 
abundance of cracked quartz grains and almost entirely vitrified groundmasses. There are 
few voids in this group, although they occur as megachambers. Inclusions in this group 
are moderately well-sorted and indicate a well-mixed clay body. In areas where the clay 
did not fully vitrify, the color appears dark brown in xpl. 
From the groups and petrographic characterizations conducted for this project, it 
is evident that there are a wide variety of compositional features that reflect production 
history, weathering and deterioration patterns, and future areas of deterioration among the 
samples. Of the information gathered through polarized light microscopy and physical 
characterization, it appears that void occurrence, void size, firing temperature, and 
inclusion type all play a significant role in the inherent strengths and weaknesses of these 
bricks, and will be discussed further once analyzed in conjunction with performance 
testing.  
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4.0 SALT IDENTIFICATION AND EFFLORESENCE 
 
4.1 MATERIALS AND METHODOLOGY 
 
 Water absorption and capillary-rise testing are important properties in influencing 
deterioration in terms of permeability and hygroscopic transport. While water is essential 
in most deterioration phenomena, it is essential to the mechanisms of damage from salt 
crystallization. As in other masonry materials, salts have the potential to form within the 
voids in a ceramic matrix to such a degree as to cause cracking and spalling. While this 
test is designed for new bricks, presumably without contamination from use, the test was 
run on the collected samples to identify the presence of soluble salts and their semi-
quantitative identification.  
 For this project, salt characterization included both efflorescence monitoring and 
salt identification with quant strips. A more thorough understanding of efflorescence 
would require X-ray crystallography to determine specific salt composition, but such 
techniques are beyond the scope of this study. For surface-level efflorescence 
identification, each sample was heated for twenty-four hours in an oven. After being 
removed from the oven, the samples were observed for salt growth along the surface of 
the brick 
 Salt identification was completed by submerging the bricks in buckets of water 
for an hour. MQuant® test strips were then used to test if any salts had dissolved in 
solution. A series of three different quant strips were used for each brick, including 
sulfates, chlorides, and nitrates (SO₄²⁻,Cl⁻, and NO₃⁻). Each strip was dipped in the brick 
solution and would change to a particular hue that corresponded with how much salt was 
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in solution. Each strip would turn orange, brown, and purple in the presence of sulfates, 
chlorides, and nitrates. The amount and type of salt was then recorded for each brick. 
4.2 SALT IDENTIFICATION AND EFFLORESENCE RESULTS 
 
 
Of both sample groups, only four soft reds (SRMC1, SRASH2, SRCC1, and 
SRHGH1) displayed physical evidence of efflorescence. Three of these samples are low-
fired, soft-mud bricks, although SRCC1 is denser, high-fired, and has a more 
SO₄(-2) CL⁻ NO₃⁻
HTGS1 400 mg/l 250 mg/l 10 mg/l
HTSL1 0 mg/l 0 mg/l 25 mg/1
HTUS1 0 mg/l 250 mg/l 10 mg/l
HTSL2 400 mg/l 250 mg/l 25 mg/1
HTUS3 200 mg/l 0 mg/l 10 mg/1
HTUS2 400 mg/l 0 mg/l 25 mg/1
HTGS3 100 mg/l 0 mg/l 25 mg/l
Hard Tan Salt Concentration
Figure 7. Salt Concentrations within Hard Tans. 
Figure 8. Salt Concentrations within Soft Reds. 
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homogenous groundmass. While it is evident that soft reds tend to effloresce more than 
hard tans in this study, it cannot be explained by the composition alone. It is possible that 
these samples were directly recovered from a below-grade and/or contaminated 
environment, thereby explaining the efflorescence. However, more evidence and context 
are needed to support such a claim. 
Overall, the results from quant strip testing revealed trace amounts of nitrates and 
sulfates among the soft red and hard tan groups, with very little evidence of chlorides 
(See Figures 7 and 8). Only five samples had a range of 0-500 mg/l Cl⁻ that was present 
in solution (HTGS1, SRHGH1, HTUS1, HTSL2, and SRMC1). The chloride distribution 
is random, not appearing to favor age, location, clay type, or production method. 
However, there is a large presence of nitrates among the hard tans, with 25 mg/l NO₃⁻ 
within HTGS3, HTSL2, HTSL1, and HTUS2. In contrast, SRGS1 was the only sample 
among the soft reds to have at least 25 mg/l NO₃⁻. which could be explained by exposure 
from age rather than voids created by the soft mud process. Most of the nitrate-rich hard 
tan samples have a high-fired, homogenous groundmass and have 1-10% voids, possibly 
indicating that the nitrates were introduced to the mix during production. All the samples 
had trace amounts of sulfates, with ten out of fourteen samples having >400 mg/l SO₄². 
HTGS3 was the sample with lowest amount of sulfates at <100 mg/l SO₄². HTGS3’s 
relatively young age (1910s) and stiff-mud production technique could explain the 
relatively small number of sulfates, although the same sample has a large quantity of 
nitrates. Despite the absence of contextual information about each sample, salt growth is 
definitely a problem among both soft reds and hard tans. However, the high concentration 
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of nitrates in hard tans suggests that salt growth is not limited to a poorly-mixed, low-
fired groundmass. 
 
 
 
 
 
 
Soft Reds Hard Tans
St Dev 3.5 3.5
Mean 11.42857143 11.42857143
Variance 14.28571429 14.28571429
Observations 7 7
df 6 6
F 1
P(F<=f) one-tail 0.5
F Critical one-tail 0.233434021
F-Test Two-Sample for Variances in NO₃⁻  Occurence 
Figure 9. F-Test Results for SO₄² variance. Note how the F value is 
smaller than the F Critical one-tail. 
Figure 10. F-Test Results for NO₃⁻ variance. Note how the F value is 
larger than the F Critical one-tail. 
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Subsequent statistical analyses were calculated to determine the distribution of 
salts among individual bricks and groups. This was accomplished through calculating the 
standard deviation and running a series of f-tests for each salt type among both groups. 
Among the soft red group, the standard deviation proved to be highest among chlorides, 
with a value of 112.94 being almost double the mean. While this could mean that 
chloride concentrations varied widely among the soft reds, it likely reflects the fact that 
most samples did not have chlorides at all. In contrast, the standard deviation of nitrate 
and sulfate concentrations among soft reds were noticeably smaller than the mean. (See 
Figs 9-10). Among hard tans, the standard deviation of chloride and sulfate 
concentrations indicate a very wide distribution across the dataset, with the standard 
deviation values near or above the mean. This is not present in hard tans with nitrates, 
where the standard deviation (3.5) is relatively closer to 0.  
F-tests were also conducted to compare the variances of salt occurrence among 
both groups. Among sulfates, the variances of hard tans and soft reds are the same 
Hard Tans Soft Reds
St Dev 123.72 112.94
Mean 107.1428571 71.42857143
Variance 17857.14286 14880.95238
Observations 7 7
df 6 6
F 1.2
P(F<=f) one-tail 0.415241135
F Critical one-tail 4.283865714
F-Test Two-Sample for Variances in CL⁻  Occurence 
Figure 11. F-Test Results for Cl⁻ variance. Note how the F value is 
larger than the F Critical one-tail. 
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because the F number (0.164) is lower than the F-critical one-tail value. In this way, the 
variances of sulfates support the null hypothesis of two populations that are equal. This is 
also the same for the variance of chlorides among both groups (see Fig 11). However, the 
nitrate variances among both groups proved to be unequal, where the F number (1) was 
higher than the F-critical one-tail value (See Fig 10). 
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5.0 WATER ABSORPTION 
 
5.1 MATERIALS AND METHODOLOGY 
 
 Given the variety of physical characteristics in microstructure among the soft reds 
and hard tans in this study, it is reasonable to predict that each brick will display unique 
hygrothermal behaviors. In the context of masonry deterioration mechanisms, water 
absorption and porosity worsen the effects of efflorescence, freeze-thaw cycles, and some 
low-fired clay dissolution. As demonstrated through petrographic analysis, the clay type, 
mix, firing method, age, and condition of soft reds and hard tans have a direct effect on 
the amount and distribution of voids in a groundmass. Likewise, a water absorption 
testing program is needed to understand any variation in hygrothermal properties among 
soft reds and hard tans. 
 This water absorption testing program is based upon the guidelines specified in 
ASTM C67/C67M – 18 Standard Test Methods for Sampling and Testing Brick and 
Structural Clay Tile, calling for a series of controlled cold and boiling water submersion 
tests. The data is expressed as a series of increases in mass over time, which is then used 
to find the saturation coefficient for each brick. In this way, rapid increases in mass have 
a direct correlation to higher permeability.52 
 Although the testing procedure calls for use of cut half bricks, the hard tans and 
soft reds used in this study were not cut because of subsequent modulus of rupture testing 
that requires whole brick units. Before water absorption testing began, this project ran the 
same test on a non-cohort test brick to compare absorption rates of whole and cut bricks. 
                                                          
52 ASTM C67, 4. 
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After cutting this brick in half and running the twenty-four-hour submersion test again, it 
was found that there was no difference between water absorption rates between the 
halves and the whole brick. 
 The first part of the water absorption testing program included a twenty-four-hour 
submersion test. All fourteen soft red and hard tan samples were dried in an oven for 
twenty-four hours. Drying removes any excess moisture in the groundmass that is a 
product of humidity levels in the room. Immediately after being taken out of the oven, the 
samples were weighed on a digital scale to the nearest hundredth of a gram. This weight 
serves as the baseline for measuring water absorption after the test. The bricks were then 
submerged in five-gallon buckets filled with 70°F water. After twenty-four hours, the 
bricks were removed weighed on the digital scale. The bricks were then re-dried in the 
oven and weighed before beginning the five-hour boiling test. The boiling test consisted 
of heating water to boil over a hot plate and submerging the bricks for five hours. After 
boiling, the bricks were weighed one more time.  
 The cold-water absorption percentage was calculated to the nearest 0.01% by 
using the formula: 
 
Absorption% = 100(Ws – Wd)/Wd 
 
In this equation, Ws represents the saturated weight of the brick, and Wd represents the 
initial dry weight. This equation is also used to find the boiled water absorption of the 
sample. This testing program also determined the saturation coefficient for each sample 
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by dividing the mass gained in cold water absorption by the mass gained through boiling 
water absorption.53 
5.2 WATER ABSORPTION RESULTS54 
 
 
                                                          
53 ASTM C67, 4. 
54 See Appendix for saturation coefficient data. 
Fig. 12. Soft Red and Hard Tan Cold Water Absorption Percentages. 
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Overall, soft reds proved to be significantly more permeable during both cold-
water and boiling absorption tests. The average cold-water absorption for soft reds was 
17.84%, dropping to 16.94% for the boiling water absorption test. This is in contrast with 
the hard tans, whose cold water and boiling water absorption was 16.94% and 13.90% 
respectively (See Figures 12-13). 
SRASH2 had the highest percent cold-water absorption (23.79%), which can be 
explained by the fact that the brick was made by the soft-mud process and is in relatively 
poor condition in relation to the rest of the bricks. Interestingly, the soft red with the 
second highest cold-water absorption percentage was SRMC1 (19.16%), which dates to 
1881 and was produced by the stiff-mud extrusion process. This is surprising, given that 
Fig. 13. Soft Red and Hard Tan Boiling Water Absorption Percentages. 
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this brick displays relatively few voids in thin section (2%). Some of the finest pores may 
not be observable using petrography. Most of the remaining soft reds display similar 
cold-water absorption percentages above 15%. The relatively uniform percentages can be 
explained by SRGS1, SRWG3, SRWG2, and SRHGH1 all being either hand-soft mud 
molded or extruded. SRCC1 had the lowest cold-water absorption rate of all the soft red 
samples (12.98%), although this was possibly because it was overfired.  
In contrast to cold water absorption, boiling the samples in water is meant to 
cause more aggressive absorption behavior in samples. The boiling water absorption test 
for soft reds was characterized by decreased absorption percentages for most of the 
samples. This could be attributed to a smaller immersion time (five hours), or some 
evaporation when the samples were removed from the water. However, SRASH2 and 
SRWG2 had higher boiling water absorption percentages than in the previous cold- water 
absorption test. It is unclear why these increases occurred during testing, although both 
bricks were made by the soft-mud process.  
The cold-water absorption test for hard tans predictably had a narrower range of 
percentages, ranging from 13.8% to 19.03%. HTGS3 and HTGS1 had the highest cold-
water absorption rates in the hard-tan group, at 18% and 19.03% respectively. Both 
bricks date to the 1910s and are made using the stiff-mud process. It is unclear why the 
absorption percentages are higher for HTGS3 and HTGS1, considering the groundmasses 
for all the hard tans are relatively similar. The next highest water absorption was HTSL1, 
which contrasts with HTGS3 and HTGS1 by having been made using the soft mud 
process. HTUS1 and HTUS2 are among the lowest cold water-absorption percentages out 
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of the hard-tan group (13.8% and 13.94%), despite being some of the oldest out of the 
samples (1830s).  
 
 
 
 
 
Soft Reds Hard Tans
St Dev 0.034 0.021
Mean 0.178414286 0.158528571
Variance 0.001136321 0.000448359
Observations 7 7
df 6 6
F 2.534400576
P(F<=f) one-tail 0.141247302
F Critical one-tail 4.283865714
F-Test Two-Sample for Variances for Cold Water Absorption
Soft Reds Hard Tans
St Dev 0.076 0.019
Mean 0.169428571 0.138971429
Variance 0.005764802 0.000359906
Observations 7 7
df 6 6
F 16.01753502
P(F<=f) one-tail 0.001854478
F Critical one-tail 4.283865714
F-Test Two-Sample for Variances for Boiling Water Absorption
Fig. 14. F-Test Results for cold water absorption variance. Note how 
the F value is smaller than the F Critical one-tail. 
 
Fig. 15. F-Test Results for boiling water absorption variance. Note 
how the F value is larger than the F Critical one-tail. 
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Subsequent statistical analyses were calculated to determine the distribution of 
water absorption percentages among individual bricks and groups. This was 
accomplished through calculating the standard deviation and running a series of f-tests 
for water absorption test data among both groups. From the data gathered from the cold 
and boiling water absorption tests, the standard deviation proved to be very low among 
both soft reds and hard tans. The standard deviation for boiling-water percentages in soft 
reds were slightly larger than other groups, with a 0.076 standard deviation being slightly 
less than half of its mean (See Fig. 15). This is illustrated in the wide range of boiling 
water absorption percentages in Figure 10.  
F-tests were also calculated to compare the variances of water absorption among 
both groups. Variances proved to be essentially equal for the cold-water absorption data, 
with Figure x showing how the F number (2.53) is smaller than the F-critical one-tail 
value (4.28) in Fig. 15. However, the boiling-water absorption variances proved unequal, 
where the null hypothesis was rejected because the F number (16.02) was higher than the 
F-critical one-tail value. 
Like the soft reds, the hard tans collectively demonstrated lower water absorption 
percentages once subjected to the five-hour water absorption test. However, unlike 
SRASH2 and SRWG2, there were no anomalous samples among the hard-tan group that 
went against this trend.  
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6.0 CAPILLARY RISE 
6.1 MATERIALS AND METHODOLOGY 
 Given that New Orleans is situated in a sub-tropical, coastal environment with a 
relatively high water table, it is reasonable to predict that capillary forces within a brick  
 could potentially lead to other deterioration mechanisms, such as the stresses associated 
with salt and freeze-thaw cycling. Capillary rise is the ability of a material to transport 
liquid water through interconnected micro-pores within a heterogenous microstructure. 
As previously identified in the petrographic analysis and physical characterization of the 
fourteen soft red and hard tan samples, there is much variation among both brick groups 
in terms of void occurrence, shape, and groundmass uniformity. More inter-connected 
pore space would naturally lead to faster rates of water absorption through a material. 
Capillary rise testing is informed by ASTM C1794 – 15 Standard Test Methods 
for Determination of the Water Absorption Coefficient by Partial Immersion, which 
replicates rainfall-driven saturation through a single exterior face of a porous building 
material. Capillary rise is induced through partial immersion within a controlled 
environment over a period of eight hours to derive changes in mass over time. From this 
dataset, moisture uptake can be quantified through the water absorption coefficient, 
which is “mass of water absorbed by a test specimen per face area and per square root of 
time.”55 Higher water coefficients provide a good indicator of capillary rise variation 
among soft reds and hard tan brick samples. 
This testing program follows the procedures laid in ASTM  C1794, and required 
the use of a large tank to control the humidity of the bricks. Before testing began, bricks 
                                                          
55 ASTM C1794, 1-5. 
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were dried in an oven for twenty-four hours to evaporate any excess moisture. After the 
bricks were dried out, water was poured in a series of five open containers and placed 
inside the tank. Throughout the procedure, the water level was kept at a constant depth of 
¼”. This depth was necessary so that a single brick face would always remain submerged 
without water penetrating other sides of the brick. The stretcher faces were chosen for 
immersion because of their exposure to rainfall on the exterior of a wall. Since the bottom 
of the containers would decrease the amount of surface area if the bricks were placed 
directly at the bottom, ¼” glass stirring rods were used to suspend each brick during the 
test.56 
The container was kept at room temperature during the tests and included 
desiccant to lower the humidity. Each brick was weighed at five minutes, one hour, two 
hours, four hours, and eight hours on a digital scale, using a sponge to soak up any 
surface water dripping off the stretcher face. To reduce error, each weighing was 
performed in under one minute, and the brick was returned to the tank. The dry surfaces 
of both hard tans and soft reds increasingly became wetter as the tests progressed, and 
water was beginning to pool on the surface of all fourteen samples after eight hours. After 
testing was completed, each weight was entered into the formula ∆mt = mt2-mi /A, which 
determines the mass gained per time by dividing the mass gained by the surface area of 
the brick. The resulting numbers are expressed in kg/m2 and show how much water has 
entered the brick face at each time interval. These weights are expressed graphically 
below against √t (square root of time): 
                                                          
56 ASTM C1794, 2. 
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From the data points in the graph below, the water absorption coefficient is 
determined by applying each increase in mass into the equation Aw = ∆m'tf  - ∆m'0 / √tf, 
where ∆m'tf  is the mass along the regression curve at a given time. ∆m'0 is the original 
mass of the sample before testing and is expressed on the regression curve as 0. The 
resulting water absorption coefficient is expressed as Aw, and indicates the “mass of 
water absorbed by a test specimen per face area and per square root of time.”57 
6.2 CAPILLARY RISE RESULTS 
 
 The behavior on the regression curve indicates that thirteen out of fourteen 
samples were approaching full saturation due to capillary rise uptake after eight hours. 
Except for SRWG2, the regression curves plateau around approximately one hour into 
                                                          
57 ASTM C1794, 4. 
Fig. 16. Capillary Rise Rates for Soft Reds and Hard Tans. 
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the tests. Three of the four samples with the fastest water uptake between five minutes 
and one hour were soft reds (SRMC1, SRHGH1, SRWG3). As demonstrated in the 
regression curve, all these samples had absorbed between 1.48 and 1.83 kg/m2 before 
beginning a dramatic plateau between hours one and two. Shallower curves on the graph 
indicate slower rates of absorption. Interestingly, four samples with the slowest rates of 
absorption were both hard tans and soft reds. The sample with the slowest water uptake 
was SRWG2, immediately followed by HTSL1, SRCC1, and HTUS1. The relatively 
slow capillary rise for SRCC1 could be explained by the over-fired groundmass and lack 
of interconnected pores. The middle portion of the set of the regression curves is 
characterized by a nearly-even distribution of soft reds and hard tans that all gain 
approximately 1.3 kg/m2 at one hour. However, of this group, there is a slight majority of 
hard tans (HTGS1, HTSL2, HTUS1).  
Despite the anomalous behavior of SRWG2, there is a slight tendency for soft 
reds in this cohort to absorb water faster through capillary rise in the stretcher faces of the 
bricks. Surprisingly, the hard tans demonstrate a variety of capillary rise rates, as 
illustrated in the wide distribution of mass increases in the regression curves. HTUS1, 
HTUS2, and HTUS3 are the oldest out of the hard tan group, dating to an 1830s property 
on Ursulines Ave. in New Orleans. Given their age and the available production 
technology, one would assume that they would absorb water quicker than other hard tans 
in the group. However, the Ursulines Avenue hard tans tend to absorb water at a medium 
rate relative to other bricks, absorbing 1.21-1.44 kg/m2 in the first hour. Surprisingly, 
HTGS1, a stiff-mud extruded brick that was fired in 1910s, had the fastest rate of 
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capillary rise out of all the hard tans. While not inconclusive, variation in fire skin, 
microcracks, and glazes may have caused less distinct and uniform trends in data. 
Within the soft red group, capillary rise behavior roughly follows age and 
production technology, although some samples go against this trend. The 1830s 
Hermann-Grima House brick (SRHGH1) proved to absorb water the fastest out of all the 
samples, increasing 1.84 kg/m2 in mass. SRHGH1 is one of the earliest samples (1830s) 
and is hand molded, indicating that a positive correlation between low-fired, poorly-
mixed bricks and porosity/permeability. Alternatively, SRMC1 also absorbed 1.72 kg/m2, 
despite being extruded stiff-mud brick dating to the 1880s.  
 
Subsequent statistical analyses were calculated to determine the distribution of 
capillary rise values among individual bricks and groups. This was accomplished through 
calculating the standard deviation and running an f-test. The standard deviations of 
capillary rise values for both soft reds and hard tans proved to be very high, with both 
numbers being larger than their mean. Of the two standard deviations of both groups, the 
Fig. 17. F-Test Results for capillary rise variance. Note how the F value 
is larger than the F Critical one-tail. 
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soft red group produced a larger variance than the hard tans, with a standard deviation of 
0.0016 being almost double its mean of 0.009. This is unsurprising, given that samples 
within the soft red group had the highest and lowest capillary rise uptake out of both 
groups at 60 seconds (see Figure 17).  
F-tests were also conducted to compare the variances of capillary rise among both 
groups. The variances of hard tans and soft reds are essentially the same because the F 
number (2.166) is lower than the F-critical one-tail value of 4.28 (see Fig. 17). While the 
f-test is a good indicator in showing broad trends in data, a larger dataset would be 
needed to show more nuanced differences between the variances. 
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7.0 MODULUS OF RUPTURE 
 
7.1 MATERIALS AND METHODOLOGY 
 
Although it has been demonstrated that there is much variability in condition and 
composition among soft reds and hard tans in this study, the vulnerability tests conducted 
thus far only determine the potential for failure in nineteenth-century bricks. Modulus of 
rupture testing seeks to replicate the types of stresses that bricks normally experience in 
walls, foundations, and other structural components. In doing so, this test also serves to 
reconcile and explain what has already been demonstrated through brick characterization 
and other performance tests in this research, giving conservators a multi-faceted view of 
which bricks are the most vulnerable to structural failure. 
Modulus of rupture, also known as three-point-bending, tests building materials’ 
lateral strength in compression. ASTM C67/C67M – 18 Standard Test Methods for 
Sampling and Testing Brick and Structural Clay Tile is used in this study to guide the 
procedure for modulus of rupture. The test operates by placing the brick (bedding face 
down) on two supports that are spaced six inches apart. Meanwhile, a loading cell 
converts voltage to lbf/in². An operator controls the voltage level and speed of the loading 
cell at a computer onsite. For this test, the computer was calibrated for 100lbs/V, a 
crosshead displacement at .05 in/V, and a loading cell speed of .05 in/min. However, it 
was soon discovered that this was not strong enough for some of the hard tans, so the 
pressure and speed were changed to 250 lb/V and .1 in/min for those samples 
respectively. 
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The loading cell applied a steady rate of pressure upon each brick until failure. 
This was indicated by a sharp decrease in lbs. being applied to the brick (as indicated on 
the computer monitor). In most instances, the brick will split in half due to tension in the 
bedding face. This is known as the “plane of failure.” Data was recorded every 02. 
seconds, and was expressed as lbs. over time.58 
7.2 RESULTS 
 
 
 
 
                                                          
58 ASTM C67, 2-3. 
Fig. 18. Modulus of Rupture Rates for Soft Rates for Soft Reds and 
Hard Tans. Note the large value for SRRC1. 
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As illustrated in Fig. 18, hard tans collectively have much more flexural strength 
than soft reds. The average modulus of rupture values for the soft red group was 1097.72 
lbf/in² and would even be less if one were to disregard the value for SRCC1. Likewise, 
the hard-tan group had an average modulus of rupture value at 1170.13 lbf/in². Five out 
of the seven soft reds had a modulus of rupture value under 1,000 lbf/in², whereas five 
out of the seven hard tans had a modulus of rupture value over 1,000 lbf/in². SRCC1 and 
SRGS1’s higher values can be explained by production technology rather than clay type. 
As stated previously, SRCC1 displays characteristics of a hard tan rather than a soft red, 
and SRGS1 is an overfired fire brick. It should also be stated that both bricks also had the 
lowest cold-water absorption rates out of all of the soft reds and somewhat slower 
capillary rise rates compared to the rest of the samples. 
Among the hard-tan group, HTUS2 and HTGS1 proved to be the strongest out of 
the seven tested bricks, reporting 1809.86 lbf/in² and 1300.4 lbf/in² in modulus of rupture 
values. HTUS2’s value is surprising, considering it is an 1830s machine-made soft mud 
brick. However, this underscores how age is not always a reliable predictor for 
deterioration. HTUS2 also had the second-slowest rate for water absorption, and both 
bricks had generally lower capillary rise values. Interestingly, HTUS1’s value is the 
lowest among the hard tans, with a value at 750.13 lbf/in². This goes against the trends 
during previous tests, where HTUS1 had generally lower values for capillary rise and 
water absorption. It is likely that there may have been a crack, or other form of damage to 
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the brick that caused a relatively lower value.  Both HTUS1 and HTUS2 come from the 
same building, date to the 1830s, and are made with a soft-mud moulding machine.  
 
 
Subsequent statistical analyses were calculated to determine the distribution of 
lbf/in² values among individual bricks and groups. This was accomplished through 
calculating the standard deviation and running a series of f-tests. The variance is very 
large for the soft red group, with a standard deviation of 924.53 being almost equal to the 
mean of 1097.72. This could be because of SRCC1’s extremely high value at 2604.79 
lbf/in² as acting as an anomaly (see Figure 19). In contrast, the standard deviation among 
the hard tans is smaller, but still substantially large when compared to the mean.  
F-tests were also conducted to compare the variances of modulus of rupture 
values among both groups. The variances of hard tans and soft reds are essentially the 
same because the F number (0.125) is lower than the F-critical one-tail value (0.233) (see 
Fig 19).  
Fig. 19. F-Test Results for Modulus of Rupture variance. Note how the 
F value is smaller than the F Critical one-tail. 
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Overall, the modulus of rupture tests demonstrates the largest contrast in 
deterioration potential among soft reds and hard tans, although the samples within each 
group have variable and nuanced behavior.  
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8.0 CONCLUSION 
This thesis seeks to use compare two historic brick types as a way of 
demonstrating that measuring vulnerability requires a multi-faceted approach, where 
production technology, geological context, composition, and performance all come 
together to create a richer understanding about how masonry materials behave. The 
bricks used in this study cover a period from circa 1820-1910s, having been arranged into 
two groups based on anecdotal and physical evidence about two different clay types. 
From the tests conducted in this program, the index of vulnerability for the soft reds and 
hard tans in this study is as follows: 
 
                      1.SRCC1 
                       2.HTUS2 
                       3.HTGS1 
                       4.HTSL2 
                       5.HTSL1 
                       6.SRGS1 
                       7.HTUS3 
                       8.HTGS3 
                       9.HTUS1 
                      10.SRWG2 
                      11.SRWG3 
                      12.SRMC1 
                         13.SRHGH1 
                        14.SRASH2 
 
 
More 
Vulnerable 
Less Vulnerable 
Fig. 20. Index of 
Vulnerability organized by 
most vulnerable to least 
vulnerable. 
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Brick Vulnerability Matrix 
Brick ID 
Physical 
Characterization Microscopy 
Capillary 
Rise Salts 
Water 
Absorption 
Modulus 
of 
Rupture 
SRGS1              +           +         +         +           +         + 
SRHGH1              -           -         -         -           -         - 
SRMC1              +           -         -         -           -         - 
SRASH2              -           -         -         +           -         - 
SRWG3              -           -         -         +           +         - 
SRCC1              +           +         +         -           +         + 
SRWG2              -           -         +         +           +         - 
HTSL2              +           +         +         -           +         + 
HTGS3              +           +         -         +           +         + 
HTUS2              +           +         +         -           +         + 
HTUS1              +           +         +         -           +         - 
HTUS3              +           +         -         +           +         + 
HTSL1              +           +         +         +           +         + 
HTGS1              +           +         +         -           +         + 
The final index is created based on the data gathered from characterization, 
polarized-light microscopy, water absorption, capillary rise, salt identification, and 
modulus of rupture testing (see Figure 21). SRCC1 was the least vulnerable out of all the 
bricks due to a high-fired groundmass, stiff-mud extrusion production method, slow 
water-absorption and capillary rise rates, and extremely high flexural strength. Lower-
ranked bricks on the list were either poorly made, effloresced, or exhibited poor behavior 
during testing.  
One of the questions that this thesis sought to answer was how much of difference 
the choice of lake mud or river clay had on brick performance. Although many of the 
softer bricks were made from Mississippi River clays, it quickly became clear during 
characterization and performance testing that this hypothesis was inherently flawed due 
Fig. 21. Brick vulnerability matrix. Strong and weak characteristics are indicated 
by “+” and “-.” 
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to the range of production methods for each brick. This can be seen in the ranking of 
SRGS1, which was placed higher on the list than some hard tans because it exhibited 
stronger properties of a high-fired fire brick. However, all three hard tans from Ursulines 
Ave. date to the 1830s and were poorly made using a soft mud machine. Despite their 
early production techniques, they still performed better than five of the seven soft-red 
bricks. As previously stated during characterization, the geology in St. Tammany Parish 
north of Lake Pontchartrain includes “tan to orange clay, silt and sand with basal 
gravel.”59 While testing and characterization seem to suggest that the strongest bricks 
originated from this geological context, it is still unclear what is causing this trend. The 
hard tans in this study have a quartz-heavy groundmass, but a more detailed analysis of 
the individual clay grains will be needed if one is to understand any inherent differences 
among the clay types. 
Taken together, the data from the testing program indicates that brick 
deterioration is not dependent upon age. The 1830s sample HTUS2 proved to be the 
second strongest among all of the groups, while younger bricks, such as HTGS3 and 
SRMC1, were both ranked ninth and thirteenth respectively. However, it is difficult to 
correlate brick function and location to deterioration. The New Orleans cemeteries and 
buildings represented in this study exhibit a wide range of masonry deterioration, and 
more information is needed to determine what mechanisms are causing the bricks to 
deteriorate at different rates. 
 
 
                                                          
59 “Geologic Map of Louisiana, 1984.” 
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9.0 NEXT STEPS 
Despite the trends and behaviors of soft red and hard tan bricks in this study, this 
project is neither finished nor comprehensive. Moving forward, is the hope of this thesis 
that future conservators will expand upon this research by running these tests again with a 
much larger sample size of soft reds and hard tans. A larger sample size would allow an 
analysis that organizes bricks by clay type and production method. As stated previously, 
it would be ideal to one day perform an X-Ray diffraction study on these bricks to have a 
more thorough understanding of the clay.  
Lastly, a larger study on these bricks has the potential to be turned into a brick 
vulnerability guide for conservators working in the New Orleans area. This document 
would synthesize information gathered on historical brickmakers and brick types to 
create a more comprehensive index of vulnerability. This would be especially applicable 
to adaptive reuse and restoration projects, where conservators need to replace or replicate 
historic masonry materials. This study, along with future research on soft reds and hard 
tans, hopefully will demonstrate the necessity of taking a more active role in 
conservation, where increased familiarity with historic building materials can help 
anticipate deterioration. 
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APPENDIX A: THIN SECTION GROUP CHARACTERIZATIONS 
Group 1 (SRGS1, SRWG3) 
 
Group 1 Summary 
 
The samples in this group are characterized by soft-red bricks that originated from 614 
Gravier Street and Willow Grove Plantation. The groundmass is composed of 3% voids, 
and the color of the ceramic body ranges from light-brown in plane-polarized light to 
dark red in cross-polarized light.  They are composed of mostly fine-fraction subangular 
quartz grains, with trace amounts of chert, and plagioclase feldspar. The groundmass is 
optically inactive.  
 
Group 1 Interpretation 
 
The composition of this group seems to indicate that some of the minerals originated 
from sedimentary rocks, and silty alluvium is very common around the floodplain for 
many miles. The bricks in this group were tempered with small quartz grains, and the 
voids and inclusions run in a preferred orientation. The absence of a wide variety of felsic 
and mafic minerals, along with a large quantity of quartz grains, suggests that this group 
reached higher firing temperatures relative to other soft reds in other groups. The 
presence of post-depositional calcium carbonate in open pores suggests post-firing 
crystallization, although it is only present in SRWG3. 
 
Microstructure 
 
Micro- to macrochambers and vughs are present, albeit rare in this group. Elongated 
voids run in a preferred orientation. 
 
Groundmass 
 
The groundmass is homogenous and is optically inactive. Color is light tan (ppl) and dark 
red (xpl).  
 
Inclusions 
 
Inclusion sizes range from 0.025-0.25mm, with a fine/coarse-fraction boundary at 
0.15mm. Grain size is unimodal and moderately to poorly sorted. Inclusions tend to be 
single-spaced and subangular, although the coarse-fraction quartz grains are more 
subrounded. 
 
c:f:v.15mm = c. 2:95:3 
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frequent to dominant: 
 
MONOCRYSTALLINE QUARTZ. Inclusions range from 0.25mm-0.01mm and have a 
mode at 0.12mm. They are predominantly subangular among smaller grains and 
subrounded among larger grains. These inclusions display first-order colors, appearing 
clear in ppl. and xpl. respectively. Grains are low relief, have undulose extinction, and 
boundaries are unaltered. 
 
very few: 
 
CHERT. Inclusions range from 0.05mm-0.025mm, with a mode at 10mm. They are 
predominantly subrounded. These inclusions appear white in xpl. The polycrystalline 
structure gives these inclusions a speckled appearance. The boundaries display minimum 
alteration. 
 
rare: 
 
PLAGIOCLASE FELDSPAR. Inclusions range from 0.037mm-0.02mm, with a mode at 
0.05mm. and are predominantly subangular. These inclusions display first-order colors, 
appearing white in xpl. Grains are low relief, have undulose extinction, and boundaries 
display minimum alteration. Inclusions exhibit one cleavage plane, and polysynthetic 
twinning. 
 
BIOTITE. Inclusions are 0.05mm-0.09mm, with a mode at 0.05mm. These inclusions 
display second-order colors, are lath-like, and appear pale orange in xpl. Grains are high 
relief and pleochroic in ppl.  
 
Textural Concentration Features 
 
These TCFs are well-rounded and dark red in ppl and xpl, displaying high levels of 
optical density. They also have sharp boundaries and are very few in occurrence. It is 
likely that these are iron inclusions. 
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Group 2 (SRASH2) 
 
Group 2 Summary 
 
The sample in this group are characterized by a single soft-red brick that originated from 
the Academy of Sacred Heart. Voids are very few within the groundmass. The color of 
the ceramic body is light-brown in plane-polarized light and dark red in cross-polarized 
light. The groundmass in this sample is noticeably heterogenous, with large patches being 
a lighter orange color in cross-polarized light. Post-depositional, optically active clay is 
also present. Inclusions are tightly packed together in this sample, although they have no 
preferred orientation. They are composed of mostly fine-fraction subangular quartz 
grains, with trace amounts of microcline, muscovite, amphibole, chert, and plagioclase 
feldspar. The groundmass is optically inactive.  
 
Group 2 Interpretation 
 
The composition of this group seems to indicate that some of the minerals originated 
from sedimentary rocks around Grand Coteau, and silty alluvium is very common around 
the floodplain for many miles. The bricks in this group were tempered with small quartz 
grains, and the voids and inclusions have no orientation. The heterogenous groundmass 
and wide variety of minerals strongly suggests that this is a low-fired, hand-moulded 
brick.  
 
Microstructure 
 
Meso- to macrochambers and channels are present, and there are 5% voids in this group. 
Voids have no preferred orientation. 
 
Groundmass 
 
The groundmass is heterogenous and displays an optically-inactive groundmass. Color 
ranges from light tan (ppl) to dark red (xpl). Some large areas of the groundmass shift to 
more of an orange color under cross-polarized light. Some post-depositional clay is 
optically active, occurring along the rim of the voids.  
 
Inclusions 
 
Inclusion sizes range from 0.01-0.2mm, with a fine/coarse-fraction boundary at 0.1mm. 
Grain size is unimodal and poorly sorted. Inclusions are close-spaced and tend to be 
subangular and subrounded. 
 
c:f:v.1mm = c. 2:93:5 
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dominant: 
 
MONOCRYSTALLINE QUARTZ. Inclusions range from 0.15mm-0.2mm ad have a 
mode at 0.2mm. They are predominantly subangular among smaller grains and 
subrounded among larger grains. These inclusions display first-order colors, appearing 
clear and white in ppl. and xpl. respectively. Grains are low relief, have undulose 
extinction, and boundaries are unaltered. 
 
rare: 
 
CHERT. Inclusions range from 0.2mm to 0.22mm, with a mode at 0.2mm. They are 
predominantly subrounded and appear white in xpl. The polycrystalline structure gives 
these inclusions a speckled appearance. Inclusion boundaries display minimum alteration. 
 
PLAGIOCLASE. Inclusions range from 0.02mm-0.05mm, and have a mode at 0.03mm. 
They are predominantly subrounded. These inclusions display first-order colors, 
appearing white in xpl. Grains are low relief, have undulose extinction, and boundaries 
display minimum alteration. One cleavage plane is present, and each inclusion has 
polysynthetic twinning. 
 
AMPHIBOLE. Inclusions are 0.06mm, with a mode at 0.06mm. They are predominantly 
subrounded. These inclusions display second-order colors, appearing orange in xpl. 
Grains are high relief, display extinction, and are highly weathered. They are pleocroic 
and two cleavage planes at 51° and 124°are visible. 
 
YELLOW MICA. Inclusions range from 0.01mm-0.0175mm, The mode is at 0.01mm 
and these inclusions are lath-like in appearance. Each crystal has well-formed, sharp 
grain boundaries and second-order colors. These inclusions are clear in ppl. and red, 
green, and yellow in xpl. Extinction is generally straight and grains are low relief.  
 
MICROCLINE. Inclusions of this type are .1mm and are subrounded. These crystals are 
characterized by cross-hatching twinnings, low-relief, and first-order colors in xpl. 
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Group 3 (SRMC1, SRWG2, SRHGH1) 
 
Group 3 Summary 
 
The samples in this group are characterized by three soft-red bricks that originated from 
Metairie Cemetery, Willow Grove Plantation, and the Hermann Grima House. Voids 
range from rare to few within the groundmass, and the color of the ceramic body is light-
brown in plane-polarized light and dark red in cross-polarized light. The groundmass in 
this sample is homogenous. Like Group 2, this group consists of mostly fine-fraction 
subangular quartz grains, with trace amounts of fine-fraction plagioclase feldspar, 
muscovite, microcline, amphiboles, and chert. However, the inclusions and voids in these 
samples run in a preferred orientation, and the groundmass is entirely inactive. 
Additionally, there is a wide variety of coarse fraction minerals, including subangular 
biotite, muscovite, quartz, and plagioclase feldspar. 
 
Group 3 Interpretation 
 
The composition of this group seems to indicate that some of the minerals originated 
from sedimentary rocks around New Orleans and Baton Rouge. The presence of organic 
plant material inclusions and micritic limestone indicates that these bricks were made 
using local materials and were very low-fired.  The feldspars and quartz likely originated 
from the same provenance, and silty alluvium is very common around the floodplain for 
many miles. The homogenous groundmasses and the preferred orientation of inclusions 
and voids show that the bricks were extruded, or possibly how the brickmaker pressed the 
bricks into the molds. 
 
Microstructure 
 
Meso- to megachambers and channels and vughs are present, ranging from rare to few 
(5%). Voids have both preferred and indistinct orientations within this group. Inclusions 
have a closed-space and single-spaced distribution. 
 
Groundmass 
 
The groundmass is homogenous and displays an optically-inactive groundmass. Color 
ranges from light tan (ppl) to dark red (xpl). 
 
Inclusions 
 
Inclusion sizes range from 0.01-0.2mm, with a fine/coarse-fraction boundary at 0.8mm. 
Grain size is unimodal and well-sorted. Inclusions tend to be subangular, and organics 
and TCFs are also present within the groundmass. 
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c:f:v.08mm = c. 2:96:2 
 
dominant: 
 
MONOCRYSTALLINE QUARTZ. Inclusions range from 0.01mm-0.15mm and are 
predominantly subangular and subrounded among fine and coarse fraction examples. 
These inclusions display first-order colors, appearing clear and white in ppl. and xpl. 
respectively. Grains are low relief, have undulose extinction, and boundaries are 
unaltered. 
 
very few: 
 
BIOTITE. Inclusions range from 0.025mm-.12mm. The mode is at 0.05mm and the 
inclusions are subangular. These inclusions display second-order colors, appearing pale 
orange and green in xpl. These grains have a speckled appearance and are orange in ppl. 
Grains are high relief and pleochroic in ppl. 
 
CHERT. Inclusions range from 0.03mm-0.08mm. The mode is at 0.05mm, and they are 
predominantly subrounded. These inclusions appear white in xpl. The polycrystalline 
structure gives these inclusions a speckled appearance. The inclusions display minimum 
alteration. 
 
rare: 
 
PLAGIOCLASE. Inclusions range from 0.03mm-0.1mm, with a mode at 0.025mm. They 
are predominantly subrounded. These inclusions display first-order colors, appearing 
white in xpl. Grains are low relief, have undulose extinction, and boundaries display 
minimum alteration. One cleavage plane is present, and each inclusion has polysynthetic 
twinning. 
 
MUSCOVITE. Inclusions range from 0.03mm-0.2mm. The mode is 0.15mm and the 
inclusions are lathe-like. Each crystal has well-formed, sharp grain boundaries and 
second-order colors. These inclusions are clear in ppl. and red, green, and yellow in xpl. 
The inclusions go extinct in xpl,  and the sample has low relief.  
 
MICROCLINE. Inclusions of this type are .08mm, with a mode at .08mm. The inclusions 
are subangular and have undulose extinction. These crystals are characterized by cross-
hatching twins, low-relief, and first-order colors in xpl.  
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MICRITIC LIMESTONE. Inclusions are .025mm, with a mode at .025mm. They are 
generally subrounded. This rock appears light brown in both ppl. and xpl. These grains 
are heavily weathered, and generally have a cloudy appearance.   
 
 
Textural Concentration Features 
 
These TCFs are well-rounded and dark red in ppl and xpl, displaying high levels of 
optical density. They also have sharp boundaries and are very few in occurrence. It is 
likely that these are iron inclusions. 
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Group 4 (HTUS1, HTUS2, HTUS3) 
 
Group 4 Summary 
 
The samples in this group are characterized by three hard-tan bricks that originated from 
a creole cottage on Ursulines Ave. There are very few voids within the groundmass. The 
color of the ceramic body appears gray in plane-polarized light and dark brown and black 
in cross-polarized light. They are mostly composed of coarse-fraction subangular quartz 
grains with melted, indistinct grain boundaries. These quartz grains are cracked and show 
evidence of deformation. The groundmass is comprised of an amorphous silica melt with 
some patches of brown clay. This silica melt is only observable in cross-polarized light 
and is otherwise clear in plane-polarized light. The groundmass for these samples is 
highly pleochroic. 
 
Group 4 Interpretation 
 
The sparse compositional variety of this group seems to indicate that these bricks were 
fired at very high temperatures. The bricks in this group were tempered with a large 
amount of coarse-fraction quartz grains which may have been intended to reduce 
shrinkage. There are very few voids in this group, although the ones that are present are 
extremely large chambers. This can be attributed to trapped air trying to escape during 
higher firing temperatures rather than poor production methods. In areas where the clay 
did not fully vitrify, the color appears dark brown in xpl. 
 
Microstructure 
 
Meso- to megachambers are very few in occurrence in this group (5% porosity). 
Elongated voids are randomly oriented. 
 
Groundmass 
 
The groundmass is homogenous and displays an optically-inactive groundmass. Color is 
gray (ppl) and dark brown (xpl). The groundmass is composed of an amorphous silica 
melt, characterized by glassy areas around melted grains.  
 
Inclusions 
 
Inclusion sizes range from 0.01-0.6mm, with a fine/coarse-fraction boundary at 0.14mm. 
Grain size is unimodal and moderately to poorly sorted, and inclusions have a single-
spaced distribution. Inclusions tend to be subangular, although their boundaries are 
beginning to melt. This gives them more of a rounded appearance. 
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c:f:v.14mm = c. 10:85:5 
 
frequent: 
 
MONOCRYSTALLINE QUARTZ. Inclusions range from 0.01mm-0.6mm. The mode is 
0.12mm, with the coarser grains appearing rounded and the finer grains appearing 
angular. These inclusions display first-order colors, appearing clear in ppl. and xpl. 
respectively. Grains are low relief, have slow extinction, and boundaries are heavily 
altered and melted. The rim around the quartz grains is isotropic, and coarser inclusions 
are cracked. 
 
rare: 
 
CHERT. Inclusions are 0.4mm, with a mode at 0.4mm. They are predominantly 
subrounded. These inclusions appear white in xpl. The polycrystalline structure gives 
these inclusions a speckled appearance. Inclusions display minimum alteration. 
 
very rare: 
 
UNIDENTIFIED MAFIC MINERALS. Inclusions range from 0.025mm-.12mm, with a  
mode at 0.030mm. They are predominantly subangular. These minerals are too altered to 
be accurately identified, although they display second-order colors under xpl. and have 
high relief. 
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Group 5 (HTGS1) 
 
Group 5 Summary 
 
The sample in this group is characterized by a hard-tan brick that originated from 614 
Gravier St.. There are few voids within the groundmass, and the color of the ceramic 
body is gray in plane-polarized light and dark brown and black in cross-polarized light. 
This sample is mostly composed of commonly-occurring, fine-fraction subangular quartz 
grains with melted, indistinct grain boundaries. Some post-depositional calcium 
carbonate is also present within the groundmass. The groundmass is comprised of an 
amorphous silica melt, characterized by glassy areas around melted grains. This silica 
melt is only observable in cross-polarized light and is otherwise clear in plane-polarized 
light. The groundmass for these samples is highly pleochroic. Although rare, TCFs occur 
in this group as rounded iron inclusions. The groundmass is optically inactive. 
 
Group 5 Interpretation 
 
These bricks were fired at very high temperatures. Unlike Group 4, the bricks in this 
group were tempered with smaller, fine-fraction quartz grains with a single-spaced 
distribution. The iron inclusions in this sample could have been intentionally added to 
strengthen the brick and reduce shrinkage. There are few voids in this group, although 
they occur as megachambers. Inclusions in this group are moderately well-sorted and 
indicate a well-mixed clay body. The presence of post-depositional calcium carbonate 
growing in open pores suggests a subterranean or aqueous provenance. In areas where the 
clay did not fully vitrify, the color appears dark brown in xpl. 
 
Microstructure 
 
Meso- to megachambers are very few in occurrence in this group. Voids do not run in a 
preferred orientation, and the inclusions have single-spaced distribution.  
 
Groundmass 
 
The groundmass is heterogenous and displays an optically-inactive groundmass. Color 
ranges from gray (ppl) to dark brown (xpl). The groundmass is composed of tan clay and 
an amorphous silica melt.  
 
Inclusions 
 
Inclusion sizes range from 0.02-0.3mm, with a fine/coarse-fraction boundary at 0.08mm. 
Grain size is unimodal and moderately sorted. Inclusions tend to be subangular and 
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subrounded, although their boundaries are beginning to melt. This gives them more of a 
rounded appearance. 
 
 
c:f:v.08mm = c. 5:90:5 
 
dominant: 
 
MONOCRYSTALLINE QUARTZ. Inclusions range from 0.02mm-0.3mm. The mode is 
0.075mm, and the inlcusions are predominantly subangular and rounded. These 
inclusions display first-order colors, appearing clear and white in ppl. and xpl. 
respectively. Grains are low relief, have slow extinction, and boundaries are heavily 
altered and melted. 
 
rare: 
 
UNIDENTIFIED MAFIC MINERALS. Inclusions are 0.01mm, with a mode at 0.01mm.  
These inclusions are predominantly subangular. These minerals are too altered to be 
accurately identified, although they display second-order colors under xpl. and have high 
relief. 
 
Textural Concentration Features 
 
These TCFs range from .4mm-2.4mm. They are well-rounded, dark red in ppl and xpl,  
and display high levels of optical density. They also have sharp boundaries and are very 
few in occurrence. It is likely that these are iron inclusions. 
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Group 6 (HTSL1, SRCC1, HTSL2, HTGS3) 
 
Group 6 Summary 
 
The samples in this group are characterized by three hard tans and one soft red that 
originated from 614 Gravier St., St. Louis Cemetery No. 1, and Carrollton Cemetery. 
There are few voids within the groundmass. The color of the ceramic body is gray in 
plane-polarized light and dark brown and black in cross-polarized light. These samples 
are composed of few fine and coarse fraction subangular quartz grains with melted, 
indistinct grain boundaries. All the samples in this group have no preferred grain 
orientation, except for HTGS3. The groundmass is comprised of an amorphous silica 
melt. This silica melt is only observable in cross-polarized light and is otherwise clear in 
plane-polarized light. The groundmass for these samples is highly pleochroic and 
optically inactive 
 
Group 6 Interpretation 
 
Unlike Groups 4 and 5, the bricks in this group were tempered with almost equal amounts 
of fine-fraction and coarse-fraction quartz grains with a single-open spaced distribution. 
Additionally, this group appears to be fired with the highest temperatures due to the 
abundance of cracked quartz grains and almost entirely vitrified groundmasses. There are 
few voids in this group, although they occur as megachambers. Inclusions in this group 
are moderately well-sorted and indicate a well-mixed clay body. In areas where the clay 
did not fully vitrify, the color appears dark brown in xpl. 
 
Microstructure 
 
Micro- to megachambers, vughs, and vesicules are few in occurrence in this group, with 
total porosity at 13%. The matrix is extremely porous. Voids do not run in a preferred 
orientation, except for HTGS3. The inclusions have single-spaced distribution.  
 
Groundmass 
 
The groundmass is heterogenous and displays an optically-inactive groundmass. Color 
ranges from gray (ppl) to dark brown (xpl). The groundmass is composed of tan clay and 
an amorphous silica melt. Inclusion sizes range from 0.01-0.65mm, with a fine/coarse-
fraction boundary at 0.01mm. Grain size is unimodal and moderately sorted. Inclusions 
tend to be subangular and subrounded, although their boundaries are beginning to melt. 
This gives them more of a rounded appearance. 
 
Inclusions 
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Inclusion sizes range from 0.01-0.65mm, with a fine/coarse-fraction boundary at 
0.01mm. Grain size is unimodal and moderately sorted. Inclusions tend to be subangular 
and subrounded, although their boundaries are beginning to melt. This gives them more 
of a rounded appearance. Inclusions have a single-space distribution. 
 
c:f:v.01mm = c. 10:77:13 
 
dominant: 
 
MONOCRYSTALLINE QUARTZ. Inclusions range from 0.01mm-0.65mm, with a 
mode at 0.12mm. They are predominantly subangular and rounded. These inclusions 
display first-order colors, appearing clear and white in ppl. and xpl. respectively. Grains 
are low relief, have slow extinction, and boundaries are heavily altered and melted. 
 
very rare: 
 
UNIDENTIFIED MAFIC MINERALS. Inclusions are .04mm, with a mode at 0.04mm. 
Theay are predominantly subrounded. These minerals are too altered to be accurately 
identified, although they display second-order colors under xpl. and have high relief. 
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APPENDIX B: MICROPHOTOGRAPHS 
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APPENDIX C: SAMPLE PHOTOGRAPHS 
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APPENDIX D: Laboratory Testing Results  
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